Objective-To evaluate the effect of ambient bright light therapy on agitation among institutionalized persons with dementia.
Introduction
Dementia-related agitated behavioral symptoms occur in up to 93 percent of nursing home residents and 42 percent of assisted living residents and are associated with negative outcomes for both residents and caregivers (Cohen-Mansfield and Bilig, 1986; GruberBaldini et al., 2004; Burgio et al., 1988) . Current treatment relies largely on medications, despite limited effectiveness and significant adverse reactions (Sink et al., 2005; Ray et al., 2009 ). Nonpharmacological interventions yield mixed results and are often labor intensive (Snowden et al., 2003) . Safer, more effective treatments are needed to reduce agitation.
Increased agitation is associated with sleep disturbance, circadian disruptions, and shorter daylight hours, suggesting a link between agitation and circadian cycles (Ancoli-Israel et al., 2003; Bliwise et al., 1989; Cohen-Mansfield and Marx, 1990; Martin et al., 2000; . Daily exposure to bright light and bright light therapy (BLT) is a minimally invasive intervention to entrain the circadian system. It causes few side effects and has effectively treated sleep disorders in adults without dementia (Kryger et al., 1989; Chesson et al., 1999) .
Studies, mostly involving small samples, have examined the efficacy of BLT on agitation among people with dementia (Ancoli-Israel et al., 2003; Haffmans et al., 2001; Lovell et al., 1995; Lyketsos, et al., 1999; Mishima et al., 1998; Satlin et al., 1992; Van Someren et al., 1997) . Overall, results have been mixed, but this could be attributable to differences in timing (e.g., morning versus early evening), lighting intensity, duration of daily exposure, trial duration, and outcome measure (Lovell et al., 1995; Lyketsos et al., 1999; Mishima et al., 1998; Satlin et al., 1992; Haffmans et al., 2001; Ancoli-Israel et al., 2003; . In most studies, BLT was delivered using light boxes or similar devices that require subjects to keep their eyes oriented toward the light for specified time periods, and study personnel sat with subjects to ensure adherence, possibly producing an unmeasured social effect on agitation. A Cochrane review concluded there was insufficient evidence of the efficacy of BLT in reducing agitation among people with dementia (Forbes et al., 2004) . Since this review, Riemersma-van der Lek et al. (2008) found that all day light combined with melatonin reduced agitation, suggesting the need for further study of BLT and agitation.
Because of the prevalence and impact of agitation in this population, the need for nonpharmacological approaches and conflicting evidence on the effect of BLT, we conducted a cluster-unit crossover trial of BLT, delivered using ambient lighting installed in public spaces of two dementia care settings, and measuring agitation both by staff report and by direct observation.
Methods
The study was conducted in two residential care settings that primarily serve people with dementia: two units of a 32-bed acute care Geropsychiatry Institute in a North Carolina (NC) psychiatric hospital, and a 24-bed unit in a private, dementia-specific, residential care facility in Oregon (OR). The study was approved by Institutional Review Boards of the University of North Carolina-Chapel Hill School of Medicine, the state psychiatric hospital in NC, and Oregon Health & Science University.
Lighting Intervention
The intervention consisted of four lighting conditions, each presented during multiple three week intervention periods: AM bright light (7-11 AM); PM bright light (4-8 PM); All Day bright light (7 AM -8 PM); and Standard light (i.e. the baseline condition). The three-week duration for each trial was chosen because studies of human circadian systems indicate that entrainment occurs within 1-2 weeks. Treatment sequences were predetermined by the study statistician to achieve: a) a balance between temporally adjacent treatment pairs (to reduce potential carryover effects); b) even distribution of all treatment conditions across seasons (to minimize potential bias from differences in daylight exposure); and c) assignment of all four conditions as equally as possible within each study unit. There were 22 intervention periods in NC and 8 in OR. A computerized system maintained lighting intensity at 2,000 -3,000 lux during BLT hours, and at 500-600 lux (industry minimum standard lighting for task areas) during the remainder of daylight hours and the entire Standard lighting period. The treatment areas were restricted to the common areas of each unit.
Subjects
All residents with a dementia diagnosis residing in the study units were eligible for recruitment. Designated family members or guardians provided proxy consent. Exclusion criteria included proliferative diabetic retinopathy, moderate or severe macular degeneration, and absence of a lens in one or both eyes. Study units had been selected such that they were in facilities with multiple units, so that people who were ineligible or declined to participate could move if desired to another unit.
Sixty-six residents participated in 338 three-week intervention periods. Recruitment rates for eligible subjects were 90% in NC and 93% in OR. In NC, where short-term residency was common, participants were enrolled an average of 4.2 (range 1-16; median 3) intervention periods. In OR, the majority (75%) of participants were enrolled in all 8 intervention periods (average 7.4; range 3-8).
Measures and Data Collection
Demographic, health, and medication information were abstracted from medical records. Cognitive status was measured using the Minimum Data Set Cognition Scale (MDS-COGS), and Mini-Mental State Examination (MMSE) (Hartmaier et al., 1994; Folstein et al., 1975) .
Daily sunrise and sunset times were obtained from the US Naval Observatory for both study sites (United State Naval Observatory). These times were used to calculate average day length and rate of change of day length in minutes per day for each period for each site.
The name, dose, and schedule of every medication administered for each day of study participation were obtained from medical records. A composite measure of analgesic and sedative medication use was calculated to yield an overall estimate of daily sedative and analgesic loads for each participant (Sloane et al., 2008) .
Observational data on participant agitation were collected by trained research assistants blinded to study aims during the third week of each treatment period. Hourly observations were made between 6 AM and 8 PM for a total of 48 hours of observations. During these observations, the presence or absence of the following eight agitated behaviors was rated: crying, loud verbal excess, non-loud verbal excess, pacing, physical aggression, repetitive mannerisms, rummaging, and socially inappropriate behaviors. These observed behaviors were used to construct a single dichotomous "any agitation" variable, which became the outcome for statistical analyses. There was 86% overall agreement between raters for any agitation, with a kappa of 0.47 (95% CI 0.29-0.65), indicating moderate reliability (Landis and Koch, 1977) . If a participant was not in a treatment area, agitation status was coded as missing for that observation. Exposure to each light condition was estimated based on each participant's location during observation periods.
Informant ratings of participant agitation were obtained by having staff caregivers on all three shifts complete the short form of the Cohen-Mansfield Agitation Inventory (CMAI) during week three of each intervention period (Werner et al., 1994) . Staff caregivers rated the frequency of each of 14 behaviors during the preceding two weeks on a 5-point scale (1=never to 5=several times an hour or continuously for > 30 minutes). These were summed to construct an overall CMAI score (range 14-70) for each shift and intervention period.
Statistical Analysis
The characteristics of study participants at the two sites were compared using t-tests for continuous data and Fisher's Exact Test for categorical data. To assess effects of BLT on observed agitation, a logistic mixed model was estimated (McCulloch and Searle, 2001 ). The dependent variable was any of the eight observed agitated behaviors. The analytical model included normally distributed resident random effects, fixed effects for treatment conditions, and additionally adjusted for site, gender, dementia severity (mild/moderate or severe/very severe), site-specific average day length and rate of change of day length over the 3-week intervention period, daily sedative load, daily analgesic load, and time of day of measurement (8AM-noon, noon-4PM, 4PM-8PM). As there was a significant treatment-bydementia severity interaction (p=0.019), this effect also was included in the model, and treatment effects were calculated separately for mild/moderate and severe/very severe dementia.
To assess associations between BLT and informant-rated agitation, a linear mixed model including resident and staff caregiver random effects was employed (McCulloch and Searle, 2001 ). The dependent variable was the overall CMAI score. This analytical approach accounted for repeated measures and clustering by staff caregivers. Preliminary analyses indicated a strong treatment-by-site interaction (p=0.008) and a statistically significant treatment-by-shift interaction when the sites were combined (p=0.015). Therefore, separate linear mixed models (without interactions) were computed for each site. The linear mixed models additionally adjusted for gender, dementia severity (mild/moderate, severe, very severe), staff shift, site-specific average day length and rate of change of day length over the 3-week intervention period, analgesic score, and sedative score.
Results
Participant characteristics are presented in Table 1 . The majority (68%) had severe or very severe cognitive impairment. Participants in OR tended to be older, female, white, more educated, more functionally impaired (with the exception of incontinence), and on fewer sedative medications than participants in North Carolina.
At both sites, light intensity during the three BLT conditions at multiple measurement points was largely within the targeted range (X= 2,535 lux [NC] and 2,638 lux [OR] ). During the Standard condition, mean light intensity was 617 lux (NC) and 591 lux (OR). Mean exposure to BLT was estimated, based on observational data, as 2.64, 2.87, and 8.40 hours daily during the AM, PM, and All Day BLT, respectively. Exposure to the lighting conditions was not statistically different by site (p=0.791) or dementia severity (p=0.292). Table 2 contains results from the logistic mixed model for observed agitation. For people with mild/moderate dementia, levels of agitation were higher during AM light (p=0.003), PM light (p=<0.001) and All Day light (p=0.001) than during Standard light. The modeladjusted probability of agitation for an average resident participant with mild/moderate dementia was highest during PM light (0.106, SE 0.028) and lowest during Standard light (0.059, SE 0.016; Figure 1 ). Severely demented participants were marginally more likely to be agitated during AM light than Standard light (0.174 vs. 0.148; p=0.055). Agitation increased for all participants under all 4 conditions as the day progressed, with highest agitation levels between 4 PM and 8 PM (p=<0.001). Table 3 provides results from site-specific linear mixed models for CMAI total scores. In NC, mean adjusted agitation scores were significantly higher for AM compared with All Day (2.41 points; p<.002), and for PM compared with All Day light (2.09 points; p=0.013). Scores were marginally lower for All Day compared with Standard light (1.53 points; p=0.064). Also, there was a significant effect for daylight rate of change of day length (p=0.008); in spring, when days were getting longer, there was more agitation. Finally, staff caregivers on the evening shift reported higher agitation levels than did staff on the day (3.49 points, p=0.021) or night shifts (3.63 points, p= 0.036).
Observed agitation

Staff reported agitation
In OR, reported agitation was higher for All Day than AM light (1.63 points, p=0.030). Although differences were small and not significant for other comparisons, the direction of treatment effects was generally opposite those observed in NC, with higher levels for All Day than for Standard or PM light. The only other significant association found was of sedative medication use with decreased agitation (p=0.037).
Discussion
The relationship between bright light therapy and agitation in dementia has been controversial for over a decade (Ancoli-Israel et al., 2003; Haffmans et al., 2001; Lovell et al., 1995; Lyketsos, et al., 1999; Martin et al., 2000; Mishima et al., 1998; Satlin et al., 1992; Van Someren et al., 1997 , Riemersma-van der Lek et al. 2008 . This study, which evaluated multiple dosage regimens, achieved target exposures, and controlled for many possible confounding factors, failed to demonstrate an ameliorative effect of bright light on agitation. When agitation was evaluated through observation, participants with mild/ moderate dementia in both study sites were significantly more agitated under all three BLT conditions in comparison to Standard conditions, and severely demented participants were marginally more agitated during AM BLT. When evaluated through staff caregiver reports using the CMAI, agitation was not significantly lower under any BLT condition compared with Standard light. Therefore, we conclude that BLT alone did not reduce agitation and indeed may increase agitation risk in certain individuals with dementia. These results confirm the findings of two earlier, smaller, controlled trials (Ancoli-Israel et al., 2003; Lyketsos, et al., 1999) . These results are consistent with those obtained in a large, doubleblinded, placebo-controlled trial in which only subjects who received melatonin in combination with light exhibited reduced agitation; subjects in the light only condition of this study did not display significantly reduced agitation (Riemersma-van der Lek et al.,
2008).
Our two measures of assessing agitation were complementary. Differences in results could, therefore, be due to the fact that they measured different aspects of agitation (Ancoli-Israel et al., 2003; Sloane et al., 1998; Thorpe et al., 2000) . The CMAI relies on caregiver recall of a two week period and is well suited for measuring low frequency and severe behaviors, which makes it relatively insensitive to changes or differences. Thus, the relative lack of significant effects by light therapy on agitation as measured using the CMAI could have been due to either lack of effect on severe behavioral symptoms or lack of sensitivity of the measure. Observational methods, on the other hand, are less useful for rare behaviors but are more sensitive to differences in the frequency of common, more subtle behaviors, and so the increases in observed agitation during periods of bright light exposure suggest a true effect.
Prior studies indicating reduced agitation with light exposure used light boxes as the treatment modality. Often, research staff attended the intervention, providing prompting to keep participants seated in front of the light. These social exchanges could have independently improved study participant agitation (Marx et al., 1989; Roth et al., 2002) . Therefore, our treatment method -which provided target exposure levels without adding a potentially confounding staff effect -represents a more valid method of studying the effects of light, a factor supporting the validity of our conclusions.
A likely explanation for these findings is that light provides sensory stimulation, and in persons with dementia this stimulation can engender agitation. Rationale exists for this hypothesis, as a popular method of treating dementia is the creation of low or controlled stimulus units to control behavioral symptoms (Hall et al., 1995) . However, there were no significant differences in observed alertness across the four conditions (OR p=0.168; NC p=0.082). Thus we do not consider increased activation to be a factor in agitation level. Improvements in sleep reported in a previous paper (Sloane et al., 2007) may have been associated with agitation. However, we found no significant relationship between hours of sleep and reported (p=0.426) or observed (p=0.104) agitation. An alternative explanation would be that the effects noted in this study were indirect ones, due to the influence of light on depression; this appears unlikely in these data, because concomitant analyses in this trial demonstrated no change in depressive symptoms (Hickman et al., 2007) ).
Our study has several limitations. There are some indications in the literature that BLT effects vary for persons with vascular dementia and Alzheimer's disease, however, in our study a specific dementia diagnosis often was not available (Mishima et al., 1998) . Other unmeasured differences may also be a limitation; for example, the instruments measured only negative behaviors and there may have been undetected improvements in unmeasured adaptive behaviors, although previous studies suggest BLT does not impact such behaviors (Thorpe et al., 2000) . We did not look at change in falls, which are often associated with agitation or at changes in involvement in activities for person who were agitated. Furthermore, we may have underestimated a treatment effect if persons who responded favorably to the BLT treatment were differentially discharged because their agitation had improved; this possibility is considered very unlikely because the Oregon facility, which experienced virtually no participant attrition, did not show marked differences from the North Carolina facility in sub-analyses. Additionally, if this bias was present, it would have been reduced by use of the mixed model analytic strategy.
A strength of the study was the cross-over experimental design and statistical analysis using mixed effects models that effectively handled imbalance in the number of observations observed across study participants, particularly evident in the NC site. The effectiveness of the study design in achieving its goals is manifested in the final data set of 338 observations corresponding to so many resident-periods being distributed almost evenly across treatments and subjects: 52 different residents were observed for a total of 91 resident-periods under condition A; 46 residents for a total of 81 resident-periods under condition B; 47 residents for a total of 81 resident-periods under condition C; and 48 residents for a total of 85 resident-periods under condition D. The mixed effects models accounted for substantial intra-resident correlation effectively weighting observations so that a few NC residents with many periods would not have undue influence on model estimates. With respect to assessing treatment differences, bias due to participant withdrawal is considered unlikely because study withdrawal was mainly due to administrative reasons and not believed to be due to lighting conditions.
In conclusion, BLT does not appear promising as a treatment for agitation and indeed, may exacerbate it. Lack of efficacy may be due to absence of direct links between light, circadian rhythms and agitation, or to a need to include other treatments such as melatonin. Whatever the mechanism, BLT alone appears unlikely to reduce agitation in unselected institutional populations with dementia. Thus, this study adds support to evidence that bright light is not effective for reducing agitation among people with dementia.
Key points
Bright light therapy is not associated with improvement in behavioral symptoms among persons with dementia Probability of observing agitation for an average* resident, by dementia severity and treatment condition *Average resident defined as one with a value of 0 for the resident random effect Int J Geriatr Psychiatry. Author manuscript; available in PMC 2013 July 15. † Data on bathing functional status were missing on 1 subject in North Carolina. A study participant was defined as needing assistance if the staff nurse informant rated the individual as needing limited or full assistance. Residents were considered to be incontinent of urine if they were incontinent ≥ 2 times/ week. Percentages sum to >100 because items are not mutually exclusive. ‡ Based on MDS-COGS score, 28 with mild=0-1, moderate=2-4, severe=5-8 and very severe=9-10. For 3 residents for whom MDS-COGS was unavailable, cognitive impairment was based on MMSE 29 score and consultation with hospital psychologist. § Use of a given medication class required a study participant to have received a medication in that class for the majority (11 or more days) of at least one 3-week intervention period. Percentages sum to >100 because drug categories are not mutually exclusive.
∥
Daily sedation loads for each resident were calculated based on dosage(s) received and drug potency (scored as 0, 1, 3, or 6), summed across all medications a given resident received. Means (SD) shown here are based on daily loads averaged across all intervention periods for a given resident. Analgesic load was calculated in same way except that drug potencies were scored as 0, 1, 3, 6, 9. See further details in text. AM light = 7AM -11AM high intensity light; PM light = 4 PM -8 PM high intensity light; All Day light = 7 AM -8 PM high intensity light; Standard = recommended minimum Standard lighting for task areas for older persons (500-600 lux) ‡ P-value for overall F test (3 df) for lighting treatment (for NC and OR respectively) ∥ P-value for overall F test (2 df) for staff shift; the p-value for day vs. evening shift is 0.021 for NC and 0.653 for OR.
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